This project investigated the temperature dependence of the magnetization and anisotropy field of Fe-Pt nanoparticle samples with different order parameters and compositions. A decrease in the order parameter and/or deviation from equiatomic composition brings about a rapid reduction in the magnetization and anisotropy field with increasing temperature. The temperature dependence of the magnetic properties was found to be associated with the probability of Fe atoms being in L10 type atomic arrangement, which was obtained using Mossbauer spectroscopy, rather than with the order parameter. The changes in magnetization and anisotropy field correlated with each other and demonstrated a qualitative relationship in agreement with a theory based on magnetic thermal fluctuation.
Introduction
A recent increase in the recording density of magnetic media requires smaller ferromagnetic particles to suppress medium noise. 1) The decrease in particle size, however, causes degradation of the magnetic thermal stability, demanding materials with high magnetic anisotropy for recording media. High magnetic anisotropy, on the other hand, requires a writing head that generates a magnetic field sufficient for magnetization switching, so we have to trade magnetic thermal stability against ease of writing. A possible solution to this dilemma may be found in heat-assisted magnetic recording technology (HAMR), in which the media are thermal-activated locally to achieve a lower writing field. Even for HAMR, low writing temperature is still preferable from the viewpoints of thermal degradation of lubricant, thermal stress, and heat-transfer to adjacent bits2). In this regard, both a large magnetic anisotropy and a rapid decrease in the anisotropy above room temperature are now in demand.
Fe-Pt alloy is a candidate for HAMR media because it has a high magnetic anisotropy (above 107 erg/cm3) at room temperature. Since the temperature required for writing is rather high2), we needed to induce a rapid decrease in anisotropy with increasing temperature, as stated above. A previous study reported that the temperature dependence of an anisotropy constant is tuned by the order parameter: the temperature variation of the anisotropy constant steepens as the order parameter is decreased3 Figure  1 shows the temperature dependence of Table 1 Composition, annealing temperature T a, order parameter S, probability of Fe atoms being in L10 type atomic arrangement Q, and coercivity Hc at 300 K of Fe-Pt samples. of low order parameters despite of the fact that the order parameter is used to represent the degree of ordered atomic arrangement, suggesting that the order parameter does not reflect the microstructure. Mossbauer spectroscopy, on the other hand, provides local information about the probability of Fe atoms being in L10 type atomic arrangement (Q).10) The Mossbauer spectrum of the high-S sample fitted with superposition of a superparamagnetic singlet and a ferromagnetic sextet, which we attribute to Fe atoms in the L10 type atomic arrangement. The spectra of the other samples also fitted with superposition of a superparamagnetic singlet and two ferromagnetic sextets, one of which may have the origin same as the ferromagnetic sextet of the high-S sample as shown in (2) and that of m = 2.6 is a least-squares fit of the experimental data. Fig. 4 . We thus fixed the hyperfine parameters at the same values as those of the ferromagnetic sextet of the high-S sample. We noted that the other sextet involves all other contributions with origins different from Fe atoms in the L10 type atomic arrangement. Following this assumption, Q was estimated from the peak area of the sextet relative to the total absorption area. We ploted M(300 K)/M(5K), Hk, and Hk(300 K)/Hk(5K) as a function of Q in Fig. 3 . The three parameters increase with increasing Q. The anisotropy field, and the reduction in the magnetization and anisotropy field with temperature, are associated with Q rather than with the order parameter, indicating that local atomic arrangement dominates the magnetic properties of the Fe-Pt nanoparticle samples. 3.2 Relationship between the temperature dependence of magnetization and anisotropy field From Eq. (1) and Hk = 2Ku/Ms, the temperature dependence of the uniaxial anisotropy field is expressed by (2) The anisotropy field estimated from the magnetization using Eq. (2) is shown in Fig. 1 . The estimated anisotropy field is larger than the experimental values except for the Pt-rich sample. Figure 5 shows a plot of log (H k(T)/Hk(5 K)) versus log (M(T)/ M(5 K)). Although a fit to the data gives a slope of 2.6 instead of 2, the behavior agrees with Eq. (2) qualitatively. The slightly larger value of the slope may correspond to a larger index n in Eq. (1) related to the higher order of anisotropy5), and the value of 2.6 could reflect the presence of the anisotropy of n = 4 associated with the cubic symmetry of atomic arrangement. However, the deviation from n = 2 is independent of the order parameter and Q, although in principle such an atomic arrangement increases with decreasing order parameter or Q. Therefore, other causes for the deviation, such as thermal expansion of the crystal lattice,11) should be taken into account. 
